Introduction {#sec1-1}
============

Sarcoidosis is a multisystem chronic disease characterized by non-caseating persistent granulomatous inflammation, the cause of which remains largely unknown. This condition mainly affects the intrathoracic lymph nodes and the lungs, although any organ can be involved ([@ref1]). Sarcoidosis is diagnosed after that other granulomatous disorders have been ruled out, as established by the American Thoracic Society (ATS), European Respiratory Society (ERS) and by the World Association of Sarcoidosis and Other Granulomatous Disorders (WASOG) ([@ref2]).

A significant association between sarcoidosis and cancer is very recurrent in literature ([@ref3],[@ref4]). In particular, sarcoidosis has been considered a condition at increased risk of lymphoprolipherative disorder. In 1972 Brincker was the first one to provide documentary evidence on the relationship between sarcoid reactions and/or sarcoidosis and lymphoprolipherative disorders ([@ref5]). Therefore, the existence of a sarcoidosis-lymphoma syndrome was hypothesized ([@ref6]). Similar to other autoimmune diseases in which the risk of lymphoma is increased, sarcoidosis local and systemic chronic inflammation may lead to malignancy just through an immunosuppressive status ([@ref3]).

If the increased risk of cancer in patients with sarcoidosis is well established, few cases of sarcoidosis in patients with previous malignancy have been described in literature. Furthermore, a difference between systemic sarcoidosis and sarcoid reaction needs to be explained ([@ref7],[@ref8]).

Sarcoid tissue reaction is an immunologic disorder related to cancer, resulting in the formation of epithelioid-cell granulomas. Such sarcoid reactions may occur in lymph-nodes draining areas housing a malignant tumor, in the tumor itself and in non-regional tissue too ([@ref9]). It has been described in 4.4% of malignant carcinomas, in 7.3% of cases of non-Hodgkin lymphomas and in 13.8% of patients with Hodgkin disease. Anyway, the difference between idiopathic systemic sarcoidosis and sarcoid reactions is still controversial.

The aim of this study is to describe clinical, radiologic and biologic features of three patients who received a diagnosis of sarcoidosis after being affected from colon cancer.

Case report {#sec1-2}
===========

The first case concerns a 64 years old woman who received a diagnosis of sigmoid adenocarcinoma (T3N1Mx; stage C2) when she was 50 years old. She underwent surgical treatment of proctosigmoidectomy followed by adjuvant chemotherapy with 5-fluorouracile and folinic acid (FUFA). Chemotherapy was withdrawn for its toxicity related to patient DPD (diidropirimidino deidrogenasi) deficiency, an enzyme involved in 5FU catabolism. Consequently, as a second step, a therapy with Raltitrexed started. After 4 years of follow-up, a CT chest scan was performed and 2 lung lesions were detected: the first one, nodular (30x30 mm), involved the lower lobe of the right lung; the second one (10 mm) the lower lobe of the left lung, both suggestive for secondary lesions. As a consequence, chemotherapy with Raltitrexed and Oxaliplatin combined with Stereotactic Frame Radiotherapy was conducted for 6 months. A successive CT scan detected a volume reduction of the lesion of the right lung (27x20 mm) while the lesion of the left lung disappeared completely. Eight years of follow-up with PET/TC showed a variable uptake of right pulmonary lesion (SUV from 0 to 2.3), while in 2016 a PET/TC control showed an increased uptake of the right pulmonary lesion (SUV 20.1) with increased volume (41x22 mm), and the presence of two new nodular areas in the middle lobe ([Figure 1](#F1){ref-type="fig"}).

![First case: PET/TC showing the right pulmonary lesion](SVDLD-35-376-g001){#F1}

To confirm the nature of the lesion, a biopsy of the right lung was performed and an "inflammatory non-necrotizing granuloma" was detected ([Figure 2](#F2){ref-type="fig"}).

![First case: non-necrotizing coalescing granulomas of epithelioid cells with central multinucleated giant cells, peripheral lymphocytes and collagen](SVDLD-35-376-g002){#F2}

When the patient came to our observation, she was apyretic, her chest physical examination was normal and inflammatory markers (CRP and ESR) were low; serum and urinary calcium were normal, autoantibodies were negative and slight vitamin D deficiency was found. Pulmonary function tests were normal (FEV1 95%th, FVC 99%th, FEV1 / FVC 80, DLCO 81%, DLCO / VA 90%), Echocardiography and ophthalmic examination were still in the normal range. The patient underwent a therapy with prednisone 25 mg daily, with a gradual dose reduction; after 4 months a PET scan had shown the SUV reduction (5.17) of the lesion of middle lobe.

The second case concerns a 70 years old woman, non-smoker, who underwent a surgical treatment of colosigmoidectomy for sigmoid colon adenocarcinoma, with a moderate grade of differentiation (G2) associated to peritoneal carcinomatosis, in November 2012. Surgical treatment was followed by CHT (12 cycles) with Cetuximab (Erbitux), a monoclonal antibody directed against Epidermal growth factor (EGFR), and with FOLFIRI (FOL - Folinic Acid, Ffluorouracile, IRI - irinotecan), and then a maintenance therapy with Erbitux. In January 2015, a total body CT scan revealed an increased volume of hilar and mediastinal lymph nodes with elevated uptake at PET scan (SUV 22), indicative for disease progression ([Figure 3](#F3){ref-type="fig"}).

![Second case: total body CT showing the increased volume of hilar and mediastinal lymph nodes](SVDLD-35-376-g003){#F3}

Thus, the patient underwent first fibrobronchoscopy and then video thoracoscopy with lymphadenectomy (station 4R). Histology suggested non-caseating chronic granulomatous inflammatory process (simil sarcoidosis) ([Figure 4](#F4){ref-type="fig"}).

![Second case: endobronchial biopsy showing epithelioid granulomas with giant cells in the lamina propria](SVDLD-35-376-g004){#F4}

A few weeks later, the patient suffered from vertebral fractures (D6, D7, D10 e L2), and was admitted in a hospital where she remained for several months; one year after the diagnosis of sarcoidosis she came to our observation; physical chest examination and functional pulmonary tests resulted in the normal range (FEV1 107% th, FVC 105% th, FEV1 /FVC 83, DLC0 84% th, DLCO/VA 95% th); urinary and plasma calcium levels were normal too. Another PET/CT scan was performed and a reduction in mediastinal lymph nodes uptake (SUV \<5) was observed. Therefore, as clinical presentation was asymptomatic and CT/PET scan showed a reduction in lymph nodes uptake, we opted for a follow up of the disease ("wait-and-see" protocol).

The third case concerns a 58 years old woman, ex-smoker, who was diagnosed with sigmoid-colon carcinoma and underwent surgical treatment of sigmoidectomy in 2006. Five years later, during the follow-up in September 2011, a total body PET/CT scan detected some small pulmonary parenchymal nodules (5 mm) indicative for metastasis, enlarged mediastinal lymph nodes (max 15 mm) and multiple nodular lesions in the spleen (25 mm, SUV max 7.1), in absence of other sites of uptake ([Figure 5](#F5){ref-type="fig"}).

![Third case: PET/CT showing multiple nodular lesions in the spleen](SVDLD-35-376-g005){#F5}

Thus, a splenic EUS-FNA was performed and a non-necrotizing granulomatous giant cells process suggestive for sarcoidosis was detected ([Figure 6](#F6){ref-type="fig"}).

![Third case: non-necrotizing granulomatous giant cells in the spleen](SVDLD-35-376-g006){#F6}

The patient came to our observation with a normal physical examination, negative autoantibodies, normal pulmonary function tests (FVC 138%th, FEV1 131%th, FEV1/FVC 82), walking test, arterial gas analysis (pO~2~ 89 mmHg; pCO~2~ 39 mmHg, pH 7.43), serum and urinary calcium and vitamin D levels and underwent a fibrobronchoscopy with BAL, which showed a moderate increase of neutrophil granulocytes and of CD4/CD8 rates. The patient was assigned therapy with Prednisone 37.5 mg/daily for two months with progressive dose reduction up to 1 year. Following PET/TC scans performed during the follow-up didn't show any uptake.

The 3 patients are now regularly followed in our "Pulmonary Rare Diseases" Ambulatory, where they undergo pulmonary function tests every 4 months, imaging tests yearly, and periodic oncologic screenings.

Discussion and conclusions {#sec1-3}
==========================

In literature there are a few reports which describe an association between sarcoid-like reactions and colon cancer.

Fiorelli et al. ([@ref10]) described a case report in which a sarcoid-like reaction of mediastinal and hilar lymph nodes was found 5 years after surgical treatment of ileocecal resection plus adjuvant chemotherapy for colon adenocarcinoma. During oncologic follow-up, a CT/PET chest scan showed multiple lymph nodes with elevated FDG uptake indicative for cancer relapse.

Shima et al. ([@ref11]) described a case report in which there was a sarcoid-like reaction in the spleen 1 year and a half after sigmoid colon cancer resection and adjuvant chemotherapy.

Sarcoid-like reactions were detected during ileocecal resection for colon adenocarcinoma in regional lymph nodes without metastasis ([@ref12],[@ref13],[@ref14]) or in stroma surrounding cancer ([@ref15],[@ref16]). Pathogenesis of cancer associated with sarcoid-like granulomas is still unknown. It may develop as a reaction against tumoral cells, as a tissutal reaction against neoplastic embolism of lymphatic or vascular system, and as an immunologic reaction caused by substances released from tumoral cells.

Systemic sarcoidosis following diagnosis of cancer is less common in literature.

In a retrospective study, Grados et al. ([@ref17]) identified 12 patients who developed sarcoidosis after suffering from solid neoplasms from 2009 to 2014, particularly after breast and colon-rectal cancer. Sarcoidosis was detected after about 34 months cancer had been diagnosed, and in all cases diagnosis was histologically confirmed (lymph nodes, skin and bone biopsy) to exclude cancer relapse. About one half of patients did not receive any treatment while the other 50% received steroidal treatment.

In a French retrospective study, London et al. ([@ref18]) studied 14 patients with sarcoidosis occurring after a history of lymphoma and 25 patients were identified with a review of literature. Diagnosis of sarcoidosis was histologically confirmed about 18 months after the diagnosis of lymphoma. Forty-one percent of patients had received a first line treatment with oral steroids and hydroxychloroquine, and only 2 patients received a second line treatment, one with cyclophosphamide and methotrexate for neurologic involvement, another one with azathioprine for cardiac involvement.

The difference between idiopathic systemic sarcoidosis and sarcoid reactions is still a clinic and histopathologic dilemma ([@ref19]).

Pulmonary granulomas may develop after the administration of interferon gamma ([@ref20],[@ref21]), anti-TNFalfa in autoimmune diseases ([@ref22]), vaccination with BCG ([@ref23]) and immunotherapy ([@ref24]-[@ref26]).

We can not exclude a relationship between sarcoid granuloma and chemotherapy (therapy with monoclonal antibodies). Therefore, in literature only one case of sarcoidosis associated with chemotherapy for colorectal cancer is found (FOLFOX protocol), and it healed after steroid therapy. However, this lacks histological confirmation ([@ref27]).

Differential diagnosis between metastasis and sarcoid reactions is not easy using CT or PET scan alone ([@ref28],[@ref29]). Actually, PET scan is crucial in the follow-up of sarcoidosis, as it evaluates the activity of the disease and directs therapeutic choices, but it can not be considered the most important procedure for the diagnosis of the disease. During the oncological follow-up, a PET scan detecting an increased uptake of mediastinal lymph nodes requires bioptic procedures as lymph nodes TBNA to confirm the diagnosis ([@ref30]).

As we experienced during oncologic follow-up, the presence of pulmonary nodules suggestive for metastasis always requires a histologic confirmation, because sarcoidosis is considered a "great mime", a pathology which may affect every organ by simulating the disease affecting that organ, above all cancer.

We described cases affecting only women, with a pulmonary or lymph-nodal presence in the first two cases, and splenic presence in the other case, but we cannot give importance to adjuvant chemotherapy because different protocols were employed.

The three cases are not significant for a statistical analysis but, these are the only three cases of sarcoidosis occurring after colon cancer observed over the last 6 years in Naples, in our center. As patients who suffered from sarcoidosis often undergo a "wait and see" protocol, it may be useful to create a national and international register which helps identify cases of sarcoidosis occurring after colon cancer, especially in Northern European countries, where the prevalence of the disease is higher. Could sarcoidosis and colon cancer be associated? We do not know, but sarcoidosis remains a strange disease either for clinical presentation, or for its evolution and therapy response.
